This model has been validated through both literature and interviews with cost estimating experts across various industry sectors. Furthermore, the key inferences of the experts are identified. These inferences are considered as those where many of the assumptions and expert judgements are made. The thesis of this paper is that through modelling the reasoning processes of EJ, it becomes possible to capture, structure, and integrate EJ and rationale into the cost estimating process as estimates are being generated. Consequently, the rationale capture will both improve the understanding of estimates throughout a product life cycle, and improve management decisions based upon these cost estimates.
Introduction
In this article, the use of Expert Judgement (EJ) is examined with respect to generating cost estimates. The approach taken is one of understanding the thinking and reasoning processes that experts use as they refer to historical data to make judgements. Understanding the reasons and logic behind estimates is not a trivial task. This is because cost-estimating knowledge is complex and the sources are varied, as depicted in Figure 1 .
Cost estimators constantly apply a combination of logic, common sense, skill, experience, and judgement, in order to generate a final estimate that is timely, relevant, and meaningful. It is difficult for non-cost experts to understand how a final estimate is derived, and visualise the underlying reasons behind the many assumptions used throughout the process. Therefore, in order to make tacit knowledge (hidden) more explicit and useable, the knowledge needs to be captured as the estimate is generated. This [7, 9] .
Perhaps the most formal and rigorous method for capturing EJ is the Delphi technique [10, 11] . This method attempts to capture expert opinion through a group of experts. The major drawbacks are related to its practicality. The It should be noted that companies feel more comfortable with the use of algorithmic and computerised models [14] [15] [16] [17] , than they do with EJ [7] . Despite the fact of enormous error ranges. For example, within the software cost estimating community errors of between 85-770%, [7] [8] [9] , are reported. Pine [18] 
Analogy and Expert Judgement
The idea of using analogies as the basis for estimating is not new. Boehm [19] suggested the use of analogies as a means for estimating some 20 years ago. It is widely accepted that the most common way in which experts produce cost estimates and make judgements is through the use of analogies or comparisons [7, 8, [20] [21] [22] [23] [24] .
Within the field of cognitive science, general models of analogical reasoning are provided [23, 25] . In [24] . NASA recognises a similar model and provides guidelines for using analogy as a means to estimate on their web site [26] . These [27] .
Almost all research with respect to the use of analogy as a basis of estimating, revolves around the creation of analogy based tools i.e. Case-Based Reasoning (CBR) [8, 20, 22, [28] [29] [30] . The [31] . This time span makes it extremely difficult to predict the cost and risk of a multi-million pound product during the concept evaluation phases.
Furthermore, many authors agree that 70-80% of a product cost is committed during the concept phase [14] [15] [16] Capturing this rationale and identifying the knowledge intensive processes is not a trivial task. It is difficult for experts to explain what it is that they know [32] [33] [34] . In previous research, the authors investigated the knowledge capture of experts related to the cost modelling of a new product [3, 13) . In this work, expert knowledge was captured and the knowledge intensive areas of a cost modelling process were identified. The cost modelling process was mapped using an IDEFo approach, and the knowledge intensive areas were identified and captured through the use of a novel technique known as Knowledge = Expert -Novice (KEN) [35] . Within this approach, the Novice (author) used the data and tools of the cost-estimating experts to produce an estimate. As difficulties arose, the Novice called on the expert for the solution. As the Novice works through the required activities and tasks, the knowledge requirements are documented [3, 13] . Figure  2 illustrates the knowledge identification phase of this research.
Because of this research the knowledge intensive areas were identified, and a model depicting the current 'AS-IS' process was developed, which facilitated the development of the future, 'TO-BE' cost estimating process model (see Figure 3) . Figure 3 illustrates where changes to the existing cost model process are being introduced by the bold diamonds and boxes. The information described within this paper is depicted within the area of the dashedbordered box. As mentioned within the introduction, the objective within the research focus area was to understand the reasoning and thought processes of the estimators as they make assumptions, judgements and decisions. The remainder of this paper describes the inference model in more detail; also, how it was validated through semi-structured interviews with cost estimating experts. After the knowledge intensive areas of the cost modelling process had been identified, the authors set about capturing the reasoning processes used by the cost estimators. An initial inference model was developed using the CommonKADS notation [34] . It should be noted that the inference structure has not been developed to drive a knowledge-based system. Rather, to provide a basis for developing a software model that mimics and guides the expert thinking process. The initial inference structure was developed based on the authors' understanding of the domain in which the knowledge identification was carried out and through existing literature.
Inference Structure Validation
In order to validate the model a questionnaire was designed to gather further information and model the expert reasoning process more closely. In order to provide some structure to the questionnaire the respondents were required to refer to an estimate they themselves generated. The inference structure in Figure 5 Table 2 ).
Thus, through both the interviews and later analysis the inference model was developed. The final inference model depicted in Figure 5 was accepted and considered representative by all the interviewees.
Task: Generating an Estimate
Before one can capture the reasoning processes of an expert, the task they perform needs to be defined. This enables one to understand how the expert is reasoning.
In this case, the task is related to what an expert does when generating an estimate, based on reference to historical projects or experience. As mentioned previously this is often referred to as analogy. The task in this case, is a complex reasoning process and needs to be decomposed in order that it can be more clearly understood (see Figure 4) .
In Figure 4 The main tasks prepare, estimate, and review describe the order of how the estimate is generated. For example, before estimating, the data needs to be prepared ( 1 ) Figure 4 are numbered, and correspond to the shading and numbering shown in Figure 5 . This helps the reader visualise how the task of 'generating estimates' translates into the experts' reasoning process.
Inference Structure
The inference structure illustrated in Figure 5 , is an abstract representation of the possible reasoning steps an estimator uses as they refer to a similar product to generate an estimate. Together, these inferences form the building block of the expert reasoning process. They define the basic inference actions that the expert can perform while executing their tasks. The combined set of inferences represent the experts inference structure. 
INFERENCE STRUCTURE DESCRIPTION
The following section provides a walk through of the inference structure illustrated in Figure 5 .
Prepare (1) In addition, during the synthesis of data and information the estimator normally begins searching for more data and identifying projects that can be used for be justified through cataloguing any assumptions used; however, this is not always the case.
Review (3): The final part of the expert reasoning is to justify and document the assumptions used. As mentioned previously, this rationale is not always captured.
In addition, the estimator will continually review the estimate because of more information being received or obtained. Finally, the estimator may use various means to 'sanity check' the validity of their estimate. This can be through other people, or using other estimating techniques and tools.
KEY INFERENCES
The inference structure presented in Figure 5 Example: Here the expert analyses, clarifies, establishes, and assimilates all the information into a format ready for comparing and producing the estimate. Typical assumptions are related to envisaged process improvements, and improved communication through using CE principles.
Knowledge: The ability to identify those areas that will drive the cost, and establish the high-risk areas. This knowledge is dependent upon the project or product being estimated. In a specific domain, the high cost drivers and risk areas may have common characteristics so can therefore be captured to guide the expert within the final CERC tool.
Identify
Operation: The inputs are the source data and the details related to the retrieved project or product.
The outputs are the identified features, attributes of a product, or project areas that can be used for comparison.
Example: Example assumptions would be related to the management structure, the experience of the teams, the quantity of production, the level of complexity, the functionality of the product, and the manufacturing processes used. [27] . These issues will also be considered in the future. 
